Approximately 2% of the Caucasian population is affected by psoriasis (PS); a chronic inflammatory skin disease triggered by both genetic and environmental risk factors. In addition to a major contribution from the HLA class I region, PS susceptibility loci have been mapped to a number of regions including 1q21, 3q21, 4qter, 14q31-q32, 17q24-q25, 19p13.3 and 20p. Some of these overlap with loci implicated in other autoimmune/inflammatory diseases. Global gene expression studies are beginning to provide insights into the etiology of these and other complex diseases. We used Affymetrix oligonucleotide arrays comprising approximately 12 000 known genes to initiate a more comprehensive analysis of the transcriptional changes that occur in involved and uninvolved skin of 15 psoriatic patients versus six normal controls. Expression levels of the transcripts detected on the arrays were first used to determine the relationship of samples to each other using hierarchical clustering. This analysis clearly differentiated involved psoriatic skin from uninvolved and normal skin. Clusters of differentially expressed genes with similar expression patterns in the same samples were then identified. Six out of 32 clusters contained a total of 177 transcripts that were differentially expressed in involved psoriatic skin versus normal skin. These differences were independent of the gender, age, skin site and HLA class I status of the patient. Ten of the 177 genes were also differentially expressed in uninvolved skin, and several mapped to regions previously shown to harbor psoriasis susceptibility loci.
INTRODUCTION
Psoriasis (PS) is a common inflammatory skin disease affecting ∼2% of individuals from the northern European population (1) . The three cardinal features of psoriatic lesions are erythema, induration and scaling. Areas of involvement are usually well demarcated and distributed in a characteristically symmetrical manner (2) . An association with psoriatic arthritis is seen in 6-10% of cases (3) . In young patients it is frequently triggered by infection with group A streptococci (4) , and can also occur with human immunodeficiency virus (HIV) infection (5, 6) .
As with most autoimmune diseases, there is a strong contribution of HLA alleles, particularly Cw6 and B57 (7) (8) (9) (10) (11) (12) . PS can also be independent of HLA, and genetic linkage studies of multiply affected families have mapped susceptibility loci to chromosomes 1q21, 3q21, 4q, 14q31, 17q24-q25 and 19p13 (1, (13) (14) (15) (16) (17) (unpublished data). Epistasis with HLA has been described for some of these loci (e.g. 1q21) (18) . Genome scans of large numbers of affected sibling pairs and nuclear families have confirmed linkages to 1q21, 14q31 and 17q24. 3 and have suggested the existence of additional loci on chromosomes 1p, 16q and 20p (12, 19, 20) (unpublished data). Some PS susceptibility loci coincide with loci identified in genomewide scans of other autoimmune/inflammatory diseases including chromosomes 1q21 [atopic dermatitis (AD)] (21), 3q21 [rheumatoid arthritis (RA) and AD] (22, 23) , 14q31 [Grave's disease (GD), insulin dependent diabetes mellitus (IDDM)] (24, 25) , 16p [irritable bowel disease (IBD)] (26) and 17q24.3 (RA) (27) . This is in agreement with the hypothesis that in some cases, clinically distinct autoimmune diseases may be controlled by a common set of susceptibility genes (28) (reviewed in ref. 29) . Overlap of some of these regions with diseases like childhood AD (21) , suggests that inflammatory diseases in general are due to an overlapping set of susceptibility loci.
A number of changes in gene and/or protein expression have been described previously in PS and some overlap with other inflammatory diseases. IL-1 and TNF-α are up-regulated in psoriasis and activate several cellular signaling pathways including the NF-κB pathway. Genes regulated by NF-κB include those central to cutaneous inflammation such as E-selectin, chemokines, cytokines, defensins, intercellular adhesion molecule 1 (ICAM1) and vascular adhesion molecule 1 (VCAM1) (30) .
Psoriatic keratinocytes also elaborate HLA-DR (31), γ-interferon (IFN-γ), (32, 33) ; CD36 (OKM5) (33) , γ-interferon-induced protein 10 (γ-IP10), IL-1 (33) and TGF-α (34, 35) . These and other studies on small groups of genes (36) have provided valuable initial insights into the molecular basis of psoriasis. The changes observed in these and other studies provide important internal controls for more global gene expression analyses such as the one described in this study.
We used Affymetrix oligonucleotide arrays comprising approximately 12 000 known genes to initiate a more comprehensive analysis of the transcriptional changes that occur in involved and uninvolved skin of psoriatic patients versus normal controls. Distances between samples, calculated on the basis of the expression levels of all genes detected on the arrays, clearly differentiated involved skin from uninvolved skin and normal samples. K-means clustering was then used to search for transcripts with similar expression levels in samples and resulted in the identification of 177 transcripts with altered expression in psoriasis. 161 of these were upregulated and less than one-fifth of these have been described previously in psoriasis. Ten were also up-regulated in uninvolved skin. Several of these mapped to regions previously linked to PS susceptibility and/or other autoimmune diseases.
RESULTS

Samples used in the study
Six millimeter punch biopsies were obtained from the skin (involved and uninvolved) of 15 unrelated Caucasian PS patients. This included matched pairs of uninvolved and involved skin from 12 patients, involved skin only from two patients and uninvolved skin only from one patient. Biopsies were also obtained from six unrelated normal Caucasian controls. A description of patients and the site from which the biopsies were obtained is provided in Table 1 . DNA and RNA were obtained from each biopsy. RNA samples were used for the expression studies. DNA was used to determine the HLA class I status of each patient. Patients were genotyped for HLA-A, -B and -C alleles with routine PCR amplifications and hybridization with sequence-specific oligonucleotide probes.
RNA was prepared from all biopsies and gave average yields of 50-90 µg total RNA from the involved samples, 10-30 µg from the uninvolved samples and 10-17 µg from the normal samples. Ten to fifteen micrograms was used to prepare biotinylated cRNA and an aliquot (approximately one-fifth) was hybridized separately to Affymetrix U95A arrays that contain probes for approximately 12 000 known transcripts. Following hybridization and washing, GENECHIP software was used to convert the image intensities of each set of gene probes on the array to an 'average difference' value (referred to here as 'expression level'). After negative or zero average difference calls were removed, a total of 7129 transcripts remained. These genes were analyzed in the 15 involved skin samples, 11 uninvolved skin samples and six normal controls.
Relationship between samples
Cluster analysis (37) is currently the most widely used statistical technique applied to large-scale gene expression data. One approach is to determine the relationship between samples and to illustrate this with a dendrogram (clustering tree). This requires hierarchical clustering; an approach used previously by Eisen et al. (38) who applied pairwise averagelinkage cluster analysis to gene expression data. The expression profiles of each sample are compared with every other sample, and a distance measurement is assigned to each pair. We had 32 samples so there were 32 × 32 distances that were computed on the basis of the expression levels of all 7129 genes. The two samples with the closest distance are first merged and connected by branches with lengths representing their distance. The average of the standardized expression levels of the two samples (average-linkage) is used to determine their relationship with the remaining samples. The next pair of samples with the smallest distance is chosen to merge, and the process is repeated until all samples are merged.
The dendogram shown in Figure 1 illustrates the relationships between all 32 samples used in this study on the basis of expression levels of all 7129 genes. The y-axis in Figure 1 shows the distances at which clusters were joined. For example, samples PS 22 and PS 28 were joined first at a distance of ∼75, indicating these two samples have the most similar gene expression profiles among the 32 samples. These two samples were next clustered with sample PS 20 at a distance of ~90, based on the average distance of PS 22 to PS 20, and PS 28 to PS 20. It can be seen in Figure 1 that there is a strong separation of the involved psoriatic samples from uninvolved and normal samples. All 15 involved psoriatic skin samples were merged with distances less than about 140, and included only one uninvolved sample (NL 24). This involved psoriatic skin cluster was then merged with the remaining uninvolved and normal samples at or >140.
This separation of involved from uninvolved and normal skin samples implies the existence of some major gene expression differences that result in the differentiation of these two groups of samples. This separation is independent of the HLA class Cw*0602 status of the patients since the positive and negative patients did not fall into separate branches of the tree.
It was not possible to determine if the distances between the samples, and thus the separation between them, was significant. Cluster analysis must be viewed as a data reduction technique, and since no robust probability distributions exist for dendrograms, it is not possible to calculate statistical P-values for these results. In addition, an appropriate alternative hypothesis is difficult to specify.
Gene clustering
In order to identify genes that were differentially expressed in our samples we performed K-means clustering. This identifies clusters of genes with similar expression patterns in individual samples, taking all samples into account. Inspection of expression levels in individual samples (with scatterplots for example) will identify those gene clusters with specific patterns of expression in samples or groups of samples. One can select the number of clusters into which transcripts must fall, and we placed genes into 2-32 clusters. Thirty-two clusters were sufficient to identify several discrete groups of genes that had different expression levels in involved versus normal samples.
Visual inspection of scatterplots of these 32 clusters revealed six clusters of genes where expression levels in involved psoriatic skin differed from that in uninvolved and normal skin. The total number of independent genes in these six clusters were 177. These six clusters are discussed in detail below. Even with this small number of clusters, some genes with similar expression levels were split into two clusters (e.g. clusters 3 and 7, and clusters 26 and 29, see below). These were merged into single clusters. Other clusters did not differentiate involved skin from normal skin, or uninvolved skin from normal skin. A complete list of genes in clusters that differentiated involved skin from normal skin can be found on our web site (http://hg.wustl.edu).
Highly up-regulated genes
Clusters 3 and 7 contained genes with very high expression levels in involved psoriatic skin. The nine genes in cluster 3 and the 11 genes in cluster 7 correspond to 17 independent transcripts since oligonucleotide probe sets for several genes (e.g. keratin 16) were represented more than once on the array. Since the patterns of expression changes of the genes in these two clusters were so similar, they were grouped together into a single cluster. A description of the genes in this cluster (gene name, GenBank accession no., Unigene cluster no., chromosomal localization) is shown in Table 2 . The overall expression levels of these 17 genes in individual samples are illustrated in the scatterplot in Figure 2 . In this figure, the expression level is shown on the y-axis and the individual samples are shown on the x-axis. In order to compare gene expression levels of these 17 genes in normal, uninvolved and involved skin, samples have been arranged on the y-axis in that order. It can be seen that the expression levels of genes in this cluster rose to >80 000 in involved skin. A comparison of fold-changes of involved versus normal skin, and uninvolved versus normal skin for each of these genes indicated a substantial amount of variability (3-fold for cystatin A and S100A2 versus 50-fold for SERPINB4).
Most of the genes in this cluster have been previously reported to be up-regulated in keratinocytes of involved psoriatic skin (referenced in Table 2 ). These genes provide a valuable internal control set that validates our observations. Within this set of up-regulated/induced genes we also identified a gene whose profound up-regulation in psoriasis has not been reported before. This gene encodes interferon α-inducible protein 27 (IFI27) which maps chromosome 14q32. It was one of four transcripts within this cluster that was also up-regulated in uninvolved skin.
Other differentially expressed transcripts
Other up-regulated transcripts which clearly differentiated involved psoriatic skin from uninvolved and normal skin were found in clusters 11 (27 genes), 26 (42 genes) and 29 (83 genes) ( Fig. 3A and B and Tables 3 and 4). As with clusters 3 and 7, some genes were found in more than one cluster because they were represented by several probes on the U95A array. Since the differences in the expression levels of genes in clusters 26 and 29 were similar they were also grouped together, resulting in a non-redundant set of 120 genes. Alterations in steady-state mRNA levels of most of the genes in clusters 11, 26 and 29 in PS have not been described previously.
A comparison of mean expression levels of these transcripts in involved and normal skin revealed substantial differences in Figure 2 . Scatterplot showing average difference levels of genes in clusters 3 and 7 by sample. Average difference levels, corresponding to transcript expression levels, are shown on the y-axis. Samples used in the study are shown on the x-axis. For each sample the range of average difference levels for the set of 17 genes in these clusters is indicated. For each sample, the boxed values correspond to the average difference level of 90% of the 17 genes. Outliers are indicated with a cross. The median value of average difference levels for each sample was used to connect samples. . The x and y axes are as described for Figure 2 . Boxes reflect the average difference levels (expression levels) of 90% of genes in each cluster. Outliers are indicated with a cross. The median value of average difference levels for each sample was used to connect samples.
fold-changes. The transcript with the greatest fold-change was transcobalamin I (vitamin B12 binding protein), a neutrophil granule protein that was up-regulated 93-fold in involved versus normal skin. Transcripts up-regulated in both involved and uninvolved skin were CD47, IL8, ECGF1, SPRR2C and STAF50.
There were 16 transcripts found in cluster 19 that were down-regulated in involved psoriatic skin compared with uninvolved and normal skin ( Figure 3C and Table 4 ).
Reclustering of samples with a select set of differentially expressed genes
We reclustered samples with only the 177 differentially expressed genes identified by K-means clustering as being differentially expressed in involved versus normal skin. The resulting hierarchical average linkage tree is shown in Figure  4 . The separation between involved and uninvolved/normal samples is even more pronounced than in Figure 2 . This validates the genes identified by K-means clustering as contributing to the separation of involved versus uninvolved and normal samples.
Transcripts of low abundance
K-means clustering is a conservative approach of identifying subgroups of genes on the basis of expression profiles. Comparing the means of expression levels of involved versus normal skin revealed 454 genes with average fold changes of two or more. Many of these are likely to be bona fide differentially expressed transcripts that were found in clusters that did not differentiate involved from normal skin with K-means clustering.
A number of genes, previously described to be altered in expression in psoriatic skin, were not found within the set of 177 differentially expressed genes. These included IL1, IL2, IL6, IL8R, IL12, CD3, CD4, CD8, CD25 (high-affinity IL2 receptor), CD28, CD36, CD40L, CD69, CD86 (B7-2), CD122, IFN-γ, SCYB10 and TGF-α (33, 36, (39) (40) (41) (42) (43) . Many of these transcripts were found within two large clusters of genes with relatively low expression levels (cluster 6 that contains 2537 genes and cluster 13 that contains 1622 genes). Upon closer inspection it was seen that some transcripts were present at different levels in involved versus normal skin (for example, IL8R which was up-regulated 4-fold on average in involved versus normal skin). However, many transcripts did not even exhibit fold changes when involved and normal skin were compared. In contrast to uninvolved skin, involved skin contains a significant number of inflammatory cells that elaborate a number of the genes listed above. Failure to see differential expression of these genes in involved versus uninvolved skin needs to be examined further. Probes for some of the genes listed above were not found on the U95A array (IL2, IL12, IL1B, CD122, CD25, CD28, CD40 and EGFR).
DISCUSSION
This is currently the largest study of gene expression changes in psoriatic skin. We identified a total of 177 genes that differed in expression in involved versus normal skin. We were able to find previous reports for a role of 32 of these genes (18%) in psoriasis. These previously described genes served as good internal controls for our study. Alterations in the expression of the remaining 145 genes have not been described previously in psoriasis. 161 transcripts were induced de novo or were up-regulated in involved skin and only 16 genes were detectably down-regulated. Novel genes within each cluster reflected the proliferative and inflammatory characteristics of psoriatic skin. Reliable expression array data is clearly dependent upon conducting duplicate hybridizations and it is estimated that the error rate for an observed 2-fold change in Affymetrix expression data is ∼1% (44). Duplicate hybridizations reduce the chance of finding the same 2-fold change to 0.01%. Our strategy in designing this study was to search for consistency across a relatively large number of different samples, rather than to run duplicate hybridizations on a much smaller number of samples. By employing this strategy we ran the risk that small (~2-fold) changes within a given sample might be spurious, but that consistent changes across the entire set of samples would have a very high significance level.
Gene clustering
K-means clustering searches for patterns in large data sets, and was used to place transcripts into clusters with similar expression levels in individual samples. When we analyzed our data we identified six clusters of genes (clusters 3, 7, 11, 19, 26, 29) with expression levels that differentiated involved psoriatic samples from normal samples. Visual inspection of scatterplots of these clusters indicated that in general the expression levels of these transcripts in uninvolved skin was similar to that seen in normal skin. The skin biopsies used for this study came from very different regions of the body (e.g. leg, arm, abdomen, foot, back) and were from patients of different ages and of both sexes. Some of the other clusters of genes that do not distinguish involved skin from uninvolved and normal skin may reflect heterogeneity in gene expression in the skin due to these or other variables. The changes in the 177 genes within these clusters are therefore likely to point to changes with real relevance to disease. Clusters 3 and 7 contained 17 genes that were highly upregulated or induced and the differential expression of thirteen of these genes in psoriasis has been described elsewhere. A number of genes in these clusters (e.g. K6, K16, K17 and elafin) are not expressed in normal skin, and are characteristic of hyperproliferative keratinocytes (45) . Many of the genes in these clusters have been shown to be induced in response to TNF-α stimulation of keratinocytes (S100A8, S100A9, cystatin A, SPRR1B, SPRK, elafin) (45, 46) . The TNF-α induction of elafin has been shown to be via a p38 MAP kinase-dependent pathway (45) . IFI27 has not been described before in the context of this disease. It was previously shown to be up-regulated in ∼50% of breast carcinomas (47) . Its role in the pathogenesis of PS is being investigated further. The possibility that these genes are all up-regulated due to the presence of a specific regulatory element is being investigated.
The majority of the changes in clusters 11, 19, 26 and 29 have not been described previously in psoriasis. These included an increase in the expression levels of the STAT1 and STAT3 genes, and alterations in the levels of large numbers of cysteine and serine proteinases (e.g. members of the kallikrein family), proteinase inhibitors (e.g. members of the SERPINB family) and components of proteasomes. One role of proteasomes is to generate peptides from intracellular endogenous and viral proteins for presentation by MHC class I molecules. γ-interferon has been shown to alter the expression levels of genes encoding proteasome subunits (48, 49) . It has been hypothesized that alterations in the catalytic specificity of proteasomes is due to substitution of one subunit for another which could determine which antigenic peptides are presented by the cell (49, 50) . This is in keeping with the HLA Class I association with PS and the presentation of an antigenic peptide derived from an as yet unidentified protein.
We were interested to note that within clusters the average fold-changes of transcripts varied. This was particularly pronounced in cluster 3/7 which contained the most highly up-regulated genes. For example, SERPINB4 was up-regulated 50-fold compared with normal skin, interferon α-inducible protein and psoriasin were up-regulated ~12-fold, and cystatin A was up-regulated only 3-fold. Several genes in this cluster were also up-regulated in uninvolved skin, suggesting a role in psoriasis susceptibility.
Transcobalamin 1 up-regulation
The transcript exhibiting the greatest average fold change in expression was transcobalamin 1 (vitamin B12 binding protein) (cluster 26). It was up-regulated 93-fold on average when involved and normal skin were compared. It was not detectably up-regulated in uninvolved skin. It is found in the secondary granules of mature neutrophils. Its role in psoriasis has not been emphasized, although levels of TCN1 protein are correlated with the severity of intestinal inflammation in Crohn's disease and RA (51) (52) (53) . Elevation of TCN1 has been thought to be responsible for the elevation of vitamin B12 in a number of chronic myeloproliferative disorders (54) . Defensins are also granule proteins of myeloid cells and β-defensin is also up-regulated in involved skin, suggesting an important role of neutrophil granule proteins in psoriasis.
Genetic risk factors
The changes in gene expression of the 177 genes described here were also independent of known genetic factors such as the presence of the HLA class I associated allele, HLA-Cw*0602. Approximately half of our patients harbored at least one HLA-Cw*0602 allele, but the genes described here did not differentiate them from the HLA-Cw*0602 negative patients. Interestingly, one uninvolved skin sample (NL24) clustered with the involved skin samples in the hierarchical average linkage tree suggesting more similarity in gene expression of this sample with involved skin than uninvolved skin. When scatterplots of clusters 3 and 7 were evaluated, several uninvolved skin samples (NL16, 18 and 24) also showed expression in the range of involved skin samples. These samples were from clearly uninvolved areas of the skin of these patients. Interestingly, all of these patients were male and HLA-Cw*0602 negative, and two reported a family history of psoriasis.
Chromosomal locations
A number of genes that were highly expressed in involved skin mapped to psoriasis susceptibility loci. These included genes from the epidermal differentiation complex (EDC) that map to chromosome 1q21, cystatin (3q21) and α-interferon inducible protein p27 (14q31).
In the case of chromosome 1q21, a number of genes from the EDC were up-regulated. The EDC is involved in the calciumdependent, terminal differentiation of stratified squamous epithelia. It harbors approximately 37 genes (55,56) including six encoding structural proteins of epidermal cornification (the cornifins or SPRRs), 13 S100 calcium-binding proteins, filaggrin, involucrin, trichohyalin and loricrin. The S100A2, S100A7, S100A8, S100A9, SPRR1B and SPRR2A genes were within the group of highly up-regulated genes in clusters 3/7. Two additional genes from the EDC were found in other clusters of up-regulated transcripts (involucrin, cluster 11; SPRR2C, cluster 29). The remaining genes from this complex were not detectably up-regulated on the U95A array. Three of these genes were also up-regulated in uninvolved skin (psoriasin or S100A7, SPRR2C and SPRR1B). Recent association studies localize the 1q21 linked/associated psoriasis locus to within the EDC (57). Up-regulation of genes within this cluster is reminiscent of the cis-acting regulatory elements (locus control regions) affecting the developmental regulation of multiple genes (58) . One hypothesis accounting for the 1q21 linkage is a genetic variant affecting expression of a number of genes within the EDC.
In the case of 14q31-q32, we first observed some evidence of linkage to this region following a genome-wide scan of multiply affected families (1) (unpublished data). A peak NPL score of 8.96 was obtained with D14S617 (105.53 cM) in one large multiply affected family with psoriasis. A follow-up study on 250 nuclear families provided additional moderate evidence for linkage to this region (NPL = 1.29, P = 0.08) at D14S81 (108.22 cM) (unpublished data). Recent studies on a large cohort of PS families from the United Kingdom provided further evidence for linkage of psoriasis to this region (20) . This region may harbor a susceptibility locus for autoimmune diseases in general since IDDM11 and GD have been mapped to this region as well (24, 25) . The polymorphic microsatellites that are closest to the gene encoding interferon, α-inducible protein 27 are also those providing peak LOD scores in the PS and GD studies. This gene was up-regulated in involved and uninvolved psoriatic skin. Variants within this gene and its regulatory sequences are being investigated for susceptibility to psoriasis and for autoimmunity in general.
One might argue that the mapping of the highly up-regulated genes to susceptibility loci is due to the co-incidental mapping of an up-regulated gene to a large genomic region. However, this would be surprising in all cases since the overlapping regions were small and usually <5 cM (in a genome of ∼3000 cM). Our observation parallels a recent study on ulcerative colitis (UC) and CD where the map locations of a number of genes or gene clusters with differential expression (59) . However, in our study it was only up-regulated transcripts that mapped to PS susceptibility loci. One would expect that if a genetic defect resulted in an altered transcript level, it would be seen in uninvolved as well as involved skin. In fact, some of the up-regulated genes in these linked regions also exhibited differences in uninvolved versus normal skin (1q21 and 14q31). In other cases the alteration was only detected in involved skin (3q21), suggesting that the overlap might be co-incidental.
The identification of susceptibility loci for autoimmune diseases
The identification of genetic risk factors for complex diseases presents a challenge because of the moderate effects these factors may have on risk. An additional complexity is genetic heterogeneity. The possibility that gene expression studies may provide insights into novel biochemical pathways, and even possibly candidate genes for inflammatory diseases, would greatly speed up the identification of genetic risk factors for these complex diseases. These studies may identify common autoimmunity loci as well as disease-specific loci. Aberrant biochemical pathways leading to psoriasis may in turn harbor proteins that are amenable to novel therapies that lack the side effects associated with current treatments.
MATERIALS AND METHODS
Samples used in study
Six millimeter punch biopsies were obtained from involved and uninvolved skin of patients and controls. The anesthesia used was 1% lidocaine with 1/100000 epinephrine, with 1-5 min between injection and biopsy. All patients had stable, chronic, plaque PS. Presence or absence of PS was determined in all cases from the patient's medical history and clinical evaluation. Informed consent was obtained from all individuals subjected to skin biopsies. Protocols for obtaining patient biopsies had been approved by both Baylor Hospital in Dallas and Washington University Institutional Review Boards for the protection of human subjects. All patients were Caucasian. Table 1 provides additional information on patients (gender and family history).
Target preparation
Total RNA was prepared from all samples, amplified and labeled with biotin following the procedure described elsewhere (60) .
Probe arrays
The arrays were synthesized using light-directed combinatorial chemistry as described elsewhere (61) . The microarrays used for this study were U95A GeneChip ® probe arrays (Affymetrix Inc., Santa Clara) that contain probe sets representing approximately 12 000 genes.
Fragmentation, array hybridization and scanning
The labeled target was fragmented, and hybridized to probe arrays according to (62) . The probe arrays were then washed, stained and scanned (62) .
Analysis
GeneChip ® 3.2 software (Affymetrix Inc.) was used to scan the images, convert intensities to a numerical format and obtain an average difference value for each probe on the array. Intensity values from each array were scaled to a value of 1500. Scaling of the intensity values from each array to a common value is routinely used by Affymetrix as a normalization method prior to comparing data from different samples. Data preprocessing and statistical analyses were performed with SAS Statistical Software (SAS Institute Inc., SAS Campus Drive, Cary, NC) and SPlus statistical software (Insightful Corp., Seattle, WA). Genes were excluded from the analyses if their expression, as defined by the Affymetrix software, was absent. Average difference values <0 were set to 0. For hierarchical clustering, a Euclidean distance measure was used to calculate the 32 × 32 sample pairwise distance matrix. The sample gene expression profile was defined by the expression values for 7129 genes not excluded as described above. Each sample profile was standardized by subtracting, from each measurement within that profile, that sample profile's mean expression, and dividing by that profile's SD.
For K means clustering of the 7129 non-excluded genes, no standardization was used and each gene's profile was defined as the expression level measured across the 32 samples. K means is also a sequential procedure. A number of clusters, K, is specified by the user and K gene profiles are selected at random to represent cluster centers. Each of the 7129 genes is compared to each cluster center and assigned to the center profile it is closest to. After each gene has been assigned to one cluster center, the cluster center is replaced by the mean profile of all the genes assigned to that cluster. The process repeats itself by reassigning each of the 7129 genes to the closest, new cluster center. The center is recalculated and genes reassigned repeatedly until no genes are reassigned after new cluster centers have been calculated.
For individual transcripts, their fold change in expression was the ratio of the mean expression levels of involved versus normal or uninvolved versus normal skin samples as provided by dchip (http://www.dchip.org) (92) .
Molecular genotyping of HLA-C
HLA-C locus typing was performed with the C-locus specific primers 5CIn1-61 (5′-AGC GAG GG/TG CCC GCC CGG CGA-3′) and 3BCIn3-12 (5′-GGA GAT GGG GAA GGC TCC CCA CT-3′) described elsewhere (63) . The PCR products of HLA-C span from introns 1 to 3. The PCR products were dotted onto nylon membranes and hybridized with sets of sequence-specific oligonucleotide probe (SSOP) matching sequences of HLA-A (67 SSOPs), -B (99 SSOPs) and -C (57 SSOPs) as described by Cao et al. (64) . Additional groupspecific amplifications and hybridizations with selected SSOPs were performed to achieve resolution of ambiguous genotypes (64) . Alleles were assigned on the basis of their hybridization patterns with these SSOPs.
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